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(54) FLOATING HEAD SLIDER AND MAGNETIC DISK DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a floating head 
slider capable of improving the pressure reduction 
characteristics of the slider by increasing the positive 
pressure generation efficiency of a side pad. 
SOLUTION: A pair of side pads arranged to face each 
other sandwiching the deep part of a negative pressure 
generation part in a direction orthogonal to a slider flowing 
direction is formed into multistages such as 3 stages or 
more. The highest surface among the multistaged surfaces 
is set as a nonmilling surface, and the heights of the 
multistages surfaces are set so that a groove is deeper as 
it is closer to an inlet end. Further, the partial surrounding 
of the side pad area of the second stage with the area of 
the nonmilling surface, and the partial surrounding of the 
side pad area of the third stage With the side pad area of 
the second stage are effective for increasing the positive 
pressure generation efficiency of the side pad. 
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/c L , Egg^t-f K^y Kfi«6 2 c(OfaiSS:3 0 0 [ n m ] t-^^bfc^^) CO 51 
^^^±HloT^5^. ^4 Y v K 6 2<D-i£gcQlJ--f K y K « « 6 2 bSr^-f K '< v 

[ 0 0 5 1 ] 

* fc , HjlO (a) 14 * BIO (b) C^ti: !l y^iBtfcS-Slwf^ 
K > K««6 2 <7) flfc A S Qfl p& 3 5 iRltt, A B S ® ± T» , 1*" -Y Y '< ry K 6 2 CO ~ g 

g (Dt k^«6 2 b 5r#-; y y^ffi-e3»Wt:ii 5 ^ <b t>^, iftiwt^ 

5/K««6 2b<DStEA*Sl-BI]8B3 6S:K^T. A B S BS ± t? , t>f K/<y K6 2W£8@ 
(7)if-f K v K « « 6 2 c £ H J£ g <o ih K a* 3/ K « « 6 2 b-eSB5>WJ-Hofc»^o« 

[ 0 O 5 2 ] 

SB W i" ix tf * * bt*t*t**<'C* scitfb^ofc, 
( 1 ) #Sftt5o 

(2) ZSB^t^f K/^y K«*t*? !I / ^Iw««-e9^»i:l*, =aiwt>f K 

y K W 4c S: ~ S § o if -Y K ^ y Kfi«-ca^»ti 5o 

<b v > 5 r t a* * Sh t? fo 5 r t & o fc 0 
[ 0 o 5 3 ] 

j£JL _b , -fr -f K y K <£> # fk m m f& o T Ift U T # . ro.fc5fc#«««*J*l4* 

#J S: VL ffi i" 3 o 
[ 0 0 5 4 ] 

El 1 1 14 , t^K^yK32^iWSi:, * -Y K K 3 2 O H fk B <0 V A Y y Y « 

35 3 7 ^ r^^7— hj <hP^^ 0 lo±5l:tY K/<y K3 2^iffl»l:^*^ h3 74:8 
glTRitfc: it, 3 7 t H/-y K3 l i©Wc5«(( 3 8 A IE 

[ 0 0 5 5 ] 

4 fc, :^^^-F3 7 ® fej ^ ^ y ^^ffi^b<0»taiSl4, -Y K s< y K3 2 
^gco^xf K /< v K « « 3 2 c<D^Jitg|i:ffil:af ^titv^o H^Scoih 
-Y K '< v K « « 3 2 c £1S»[hJco^ y v^XSSriiCT#5BR^HWFJ-^^ — h 3 7 com 

[ 0 0 5 6 ] 

^*-K3 7J4^9>f^5^StttlJiBiS»^E«$n5fc*. ^^-hSTco^tii^^^ 

4 * ? mm t <Dtgi&&M & z n z> & * - <D%mmm<o * ? << # s x~n . isi^t^f 

> K ® « 3 2 b <o«S$i:HgSof Y K * K « « 3 2 c<^»gE$^3a^K^JBESn 
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mm z & * * - h 3 7(DB{EM:asts:it\' * * - v 3 7 <d mm z & n z> tc (d * 

* — h 3 7 Sr f# 5 r. £ # X # , # — h 3 7 (OSftji^ 7 ^ ^^ii^Tff ? 5 < 
i- 5 d t £ Ih1@ t? £ 5 o 
[0 0 5 7 ] 

K /< y K co IEEE % * S 3ff OF 9*#ftftjE£3§££-£6J: 5 lz i" ft li , -fr *Y K s> K 
&**ft!EEE£:ftffi"T?3t;fcS;Li:l;ift0, -Y K y K # ± * O » IB , i" * t> % 4# tt 10 
<E> ft _h o ft a* 5 * fc^f g$ft5 0 
[ 0 0 5 8 ] 

St fCli, El 1 2 iC/Tfj: 5 ii, ^E^e t t'r^f 3 4 o y - f^^ 
fc*?>ftiE<0*^Lft^i*<£>i$l^®# (KAI^^O^^c^ I" ft jE ;p fl? j ^p?^) 4 
0 SrSlt^^t^^tbnSo - co m X II , Aff^t^f^ 34^)^Myy^B^?>^* 
5 0 0 [ n m ] t AE^Ifif 4 0 W^M y ^ ^1 ^ t 0*S S 11 2 0 0 [ n 

m ] t J tlti^o 
[ 0 0 5 9 ] 

:^<t9l:, ftE^t ^f^f 3 4 co «t A S {RIM;: ft EE ® 4 0 5 : t la ot, 

*ffi^3g^ t f^Sr«t«!) h \y — V s ? ffl!l s i" ft t> % D~ -f K y K 3 2 (O £ {£ ^ ^ » $ it 5 r. 20 
t # x 1 S 0 

[ 0 0 6 0 ] 

ft JE ^ ® 3? 4 0^fc5^7/f^i/j;v^7^ ^'(^^^ Coi^T, y — x ^ 1/ 9 *<y K3 

3 , K^y K3 2, h K3 1 to EE1 4 i 5:ft|[ t /cUS ^ 0 1 3 
, ft EE 16 * £1$ 3 4 co y - -r ^ v ^ flfl SB , h w — yv^{IOSB"e<^Affi«*SS:tf»bfc3fg 

JP: £ HI 1 4 Id , fit, EEt|(Eotnfft084t'£?fit(0 5- 7^^«^b^E 
Btl$r|gI15t^^:n^n^i-o AE^®§ 4 011, ftEE^£g?3 4oy-x>r^^ffi!ll?H;:ia 
W £ ftX Z> i> <D t ~t Z> o 
[ 0 0 6 1 ] 

r.co^^^J:^<!r N ftffi^®^4 0^^fcft^fc^ic®J[E#tt^^v^7>YyTM±^^ 30 
K '< v K 3 2-eo«^*^MLT h u — y v ^ y K 3 1 ii* t 1^ t t 

^ * K 3 1 -O V >Y K '< v K 3 2 <fc «9 * £ ft IE EE & 3§ 4= L T ^ 5 r t # t> ^ -5 0 * tz , ft 

fc ft * 9 -y ^ id it -< ft je co 55 ^ * <CMi e a* h — y v ^ my N i- ft u- K/^> K3 

2"e<^jEEEC0«^ffl:B (fctxfiO. 7 9 0 [mm] ttfil) lZ & <5 < Jj fi\\Z & $} I, X % 

o 

[ 0 0 6 2 ] 

Bl 611, Mfc^m&<omWz£ kMfZ&fet <Dmffi&& l,X Z> 0 '&&M(D 2 & 9 

4 ?x\*. m&z y yyii«:Rit4vv|R 19 , y - K*iu« h y 40 

y K co - ^ g «g «c t 1^1 C ft^g $ <T> ft EE A V L ^ R It b ti ft V> 0 r. <D It ^ , ft/E^F^^ 
CO » S $ I- II > ilrf^^^y Kfcil/hu— y ^ ^ ^ jy K co ~ & @ O ffi % (0 #N ^ y V 
^Bi^^tiRS-ekil 00-[um] b ^ 38 IK co 5fe ±tfe *s ft < , ^ » ft « JE 4«r tt j&s S «> ft 
V > e :ttt:^L, *5SWfi:3Sfflbfc*a»^5><^"CH, * K ^ y K 3 2coHS@coih 
-Y K ^ y K 3 2 c <D m m S (fctitf 3 2 6 [urn]) ^ , r. ^ * >T K '< v K 3 2 CO 
K ^ v Ki«3 2bi^E8@ot>f K ^< y K « « 3 2 c S: # 5 IS ^ y^ 
^4 (/ct^tf200 [urn] ) AE^iSOiS^ISKHTgltKi:^ 
Wfigi: ft 0 , ^iE4t14coMtLfc^ 9-Y^SrHa-t-5Cii:^BrtBT*5 0 
[ 0 0 6 3 ] 

121 1 7 11 % -y- 4 Y '< y K 3 2 CO g}£ ffi % ffi Id , ft /E ^ tf ^ >f 3 4 J: «9 t W ^ m « g[5 ( « 50 
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ft , ^ (nimmUZ ^r-/^f fr^fj ^r0¥^) 3 9 S:RltfctWCi>5. Ill 1 8 t: , r 
"T — fcT x W 3 9 Og^Oil5;/Tt 0 ~ CD 7" — ;u ^ feT ^ >f 3 9 & ^ Z> * 7 4 

¥ h"r — \?T 4 3 9Srl*fc*v>^9^^^ov^Tif±fl:<7)W-*SrtT5 t , - * 

-fe > 7^ — -C #3 2 % M BE 4* a* ft ± L , U- >f K s> K 3 2<Dgf[tU^{C7" — y^^-ybfx^ 3 

[ 0 0 6 4 ] 

^rf t'r^ 3 9 Srf$fciv^7>f y^)S±i*3 ±t;g*Srl^ t"Ct-f K ^ <y K3 2 J; 

=r 4 3 9 co m M is «t ft r£ $ ^ t> h T . f K * K 3 2 T^IiAil^ftlil^ 
CO CO s 7-/U*t^f>f 3 9«Sfc5, a>of*gg £ ffi 4 . 0 [urn] J£A Jb »H Si I * » £ K {* , 

h U — y >- 5/ K3 1^8t***J<4ot^5:H i fc^5, 

[ 0 0 6 5 ] 

WSCbfcJ:5t-,»EE»ttSrlRl±$-fr5fc«)tctt, ( 1 ) h u - y >- ^ /< y K 3 1 T * 
#>£IEJE§:3§4=£i*:5. (2) f K y K 3 2 ^ t° y f y ^^jt 

4* ft a* & < * o X ^ 3 o 
[ 0 0 6 6 ] 

Sfc, >^^^^^^3 9^l^^OiEJ£cD#;fc^ 20 

t5i, 7^ — * * tf r- 4 3 9 0*5 15 5*, K ]) ^ if s< v K3 lX~<DlEJ£tf±%< 

9 * h u — K3 l£»o^Ei^«ot^5:t#b^5o - <o m * 13 , ;ftffi 

^ t t'7^ OISSl:tts A EE * tf ^ ^ *Ef Stitl^i3r(7)t#f C Ac A ig fit 

ilt^tAE^Stt^aot l^V\ ^^fcft Ki£»t^iEBE**t 

[ 0 0 6 7 ] 

[ 0 0 6 8 ] 30 

^ 3f V if . ^y>-^, ^^^^*<Di^>T^^^31^^^^tT5-i:-e, 4 ft s ^ ± o 

[ 0 0 6 9 ] 

(OlBO-glOMz-Uy^^yKSISla, -gS(Df^K^5/Kg«32a, - 

V ^ SB # ) l::3£lo^;**SrKt»L, ^<7)^lo^^^^e>Sm ( Bfl □ ) t^Igl^!) 
— 7^^^yKS<3 3b, lg|(Dt^ K^y KS«3 2 b, =88©t>f K^yK 

ffi « 3 2 c . #E^ft^7^34, iai^J-f >fy^/^y K««3 3 bC45#«)j 
(132 0 (D/N^yf y/g|J^) CI 1 (O^^W^a 1 2 6 [ n m ] "e^y^^^frfrftS 40 

o 

[ 0 0 7 0 ] 

, S2W^ yy^igttt, i 2 l i 5 C *io<?;**oBfeS«, ^ 7 

y ;£ 5 0(OItB^)!l-7^^^5/ K « « 3 3 b, y -7^ V if > K 

3 3a. — Sl©t>f K^yK*«32a, IS I Of >f K/< y K**3 2 b , <D 

M/-!)y^^i/KS«3 1b, — SSOhu — !) KS«3 1 a H45#g« ( 

5AE^Fi§4 0, H MS: B <7) f K 5/ K « « 3 2 c. ft JE * * fcf 7 1 ^ 3 4l:*^gS 
(132 1 ^O^y^^^SB^) CO^^J: 9 fcj£l*SS2Oi£S0!I;ttf2 0 0 n m "C ^ 

y V if * Jfe $ tt 5 0 50 
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[ 0 0 7 1 ] 

|3^);!)y^Ilt'lt 0 2 2ll/TfJ:5(:, M 2 <D X ? (D s X y 4 i* 

5 oo-ss^y-*r><^^/<-/ k « « 3 i a , -^a^y-r^^^^^ k « « 3 1 b 

y KS«3l b fc ft 5 # ( H 2 2 * <r> n ^ v ^ > -if U ft ) CI3^v^^^esl 

) fc * 1 . g2(oss insv^ittf i i 7 4 [nm] 5 y v^^ssns. 

[ 0 0 7 2 ] 

5 fc , 30(O> U y^HT\ 1 2 6 [nm] , 200 [nm], 326 [n 10 

m] . 1 500 [nm] <D 4 MM ^ ± & £ <D * V ^ ^ ( ^ y ^ ^ ffi ) £ #T 0 

fcSL, B2 3l:*Sni^ j E:OteO-7^^y^/^-yS:$i!)5 t , 1174 [nm] 
, 1300 [nm] , 1374 [nm] ^^o f:||S fU : ^ 0 o * 9 , 3 

0(7)-; y y^igt\ iss$ = o ( #e s y v ^ s ) ^§^g8 (2003^)^1^0^^$ 

[ 0 0 7 3 ] 

ft fc N ■7^^;u-/uHot>tffiPJtSo 
[ 0 0 7 4 ] 
0 2 4 (a) , (b) li^fi 5^, ^ !) 

tii:SHltS^i6 0^Sv^Sf6 1 jj £ ft * 1^ X 5 fc i" 3 ^ fc 5 0 20 

[ 0 0 7 5 ] 

■T * t> % , 02 4 (a) fc Tjk -f J: 9 fc , ^U^^IS 55:2Ilt;Jy^lStM: 
181^^^1 5 6, 5 7 Sr^^t^i^, - W|8Pai5 8 

^ co M P §B 5 9 t <D T y J * is h ti* T ft > Rft RQ & £ ^ T U 3= o fc Kl fc \± , r. co 1% Rfl §15 # 
iSB'J $ ft-f > »V^I6 0 bftoXBft'tZo »^i60^r^Sixt It ^ ^ > ^ 

a^stixs^sffiwsfc^^^jhftbns^-e, »±tttefcj»#»as;fti3f£ft5 0 s fc % 4$ 

fc , t^f 6 o <d m & # 5 y v ^ s id ft 5 » ^ v # ^ y ^ ^ ffi 14 , l^fV^^i^ifi 
[ 0 0 7 6 ] 

* fc , E124 (b) fc ^ i~ J: 5 fc , — ^<D^x?<DmnU6 4t4&Jj<D^*?<DMaM 30 
63i#tftD^o-c^5i*l:tt, z.<Dy y7Ufttfm< MWlZti 14 i 

sy^^^M^r^y^^ft) , »^t6 1 ii-csrtShs, *fB wt fc 14 . ^y^^ 

xg^. ^^^«*li-e«l:3ii:9, ffigiasfc £ 9 ^i> 0 a fc, 58^ 7* a * 2 mw*i£\z 

$ ft fc ^ y vt/jasso»ft5^ y v if ? t^svMcist^Eit^ss^, s 
y y^si^MJti^Sfttt, y ^^AoxSrJfi-rftrfc, 4> ft < £ t> y >- ^ s 

[ 0 0 7 7 ] 

o * <9 , El 2 4 ( a ) & # S8lOoH«t5t, Sl^ y y^B5 7^ ^ ^ $ ft 3 fg 40 

pB #'fc , ^ y y^ioisrifitsfii:, *4< tt«v^; yy^ffis 6^i*$fts^ y 

Ii-CB«FC»t^ J y^ftiISrjfel:*tli ttio ft fc 4 9 , »i^i6 0*»#L 

[0 0 7 8 ] 

s fc > ±E/u — Sr jfflj^ -e # ft ^a-g* fc (4 . ia 2 4 ( b ) fc ± 5 fc , as ^ s y ^ y 

15 7 *3 J: t/S $ y ^^ffi5 6 llf ^OiPg5 6 4 , 6 

3^ s ft^tliS J; 7i:tn^tiv^^Sr»*t5 0 ^ ix fc J: D , i»v^6 
n^^ir&^ttfcb-Ct, fv^ie o*'>4< jfjx-cuis :i*B±t5 0 

[ 0 0 7 9] 
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4 v^$5 H ^ *s i> x m # & H ^ f# 5 C t ti & X' -5 . 
El fii (7? fgf i£ ft Sft bj ] 
0 0 8 0 ] 

1211 ] **HO-Si3g»Kff5 9±^y K^?-f /*ftSllit»fty-f ^^Slfc 
El 3 ] ~ y KT-ATty/DojtSSgfl^^S^fcjfl^y K^5^/S:*t«SH 

EI5] l3 4«r¥±^-7 h^7^/©AB S¥I@f 
0 6] 2 J£ * -y- ^ K y K©*tA«IH!e*SjjttHT?ft4. 
El 7 ] 3©«fig^^ K /< y K©H4*«IHgI5:*t0ffc5 o 

0 8] 4 & mm -9- J h''<y Ko«^*«)fh3|Cfe*S:^i-B|-c*5 Q 

El 9 ] r^S-y-xf K/< y K««£#M D >- ^ffil« fSt » 65 t i o oft 
^^*Sr*-TEIT*dbS 0 

01 0] rglt^ K/<y y^^iBfttt-eglJ^WlEHpttttEHaaiJ- 

i" El T* fe 5 o 

Ell 1] #^««^<Of6ffli:b-C, f - >f K ^< y K «> RE ffl SB »E ^ * - h * «ft l t K (t fc 
El 1 2] ^gli^rojtliLT, Aff*irir9 l -f34K:AfiE3F*»ftRttfc«ft*-r 

Ell 3] Ell 2 <*>*ffi*«*wlEffi*£*|E#;t3««&;j*i-B|-e* ) ;5 0 
Ell 4] Ell 2co^ffi?F®^<7)Affi|g^4( C 4^ 5 ^^^^ i -|2 )T . 

Ell 5] Ell 20AJE^«*OjEffii:Affi(D-tn-€ , *x.O*^ + ^fi:«izVA.5fg#s r ^ 
1" El T* h -5 . 

i 6] Mm^mmvmmz tmm&itb<Dmm$:7f;-$-mT'$,z> 0 
i 7 j &&mm&<Dfcm hi, -y-^- k^c * k s 2 0 % m « « ie * t-^ H & 

mi s] y'-ji'^wr 4 <nn&<»mwwx'hz 0 

mi 9 ] t- — /u dr -y £ ' 7 1 -< fii -9- 4 K '< y Yi$ & X*V *) is ■? s< y K©It^|;^i 5 
EI 2 0] 5 !)y^B»#gft|:fc-(f5Ii©> jy^iaw^^^HWSrStB-ejbS 

El 2 2] 5 y >-^Sro#^jL}rjoit^^3W$ !lv/i|«)7^ji«tii«tBi?fc5 

EI2 3] 3 0©S y ^^IS-C#f>n5»«StjStHT?*5„ 
EI2 4] ^;u-;Hrol>Tliiit5fci{)W0t'fc5 o 
E12 5] #±^y K^5^f yo#±©|RiSrRBt5Hl?*»5. 
W ^- R W ] 

0 0 8 1 ] 

1 - S^r-f ^ i'Sf . ^, 3 1 ••• h U— y */ K, 3 2 ••• -y--f \fy< y 

K , 3 2a ft|Of>f F^<y Kff«, 32b-Ift|Cf^|f;<yK|(* > 32c- 

-SlOf-f K/<?FS«, 3 3 - !) ~f ^ y K » 3 4-*Et+tff^ 3 5, 

3 6 - Bfl SB , 3 7 •• - * D — h „ 3 9 ••• ^ — # -y t' 7" W , 4 0-*E?FgS 
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